Abstract. Twelve cases of Mucolipidosis II (I-cell disease) with a wide range of severity of skeletal involvement were studied. Pathological findings in two cases provided helpful information in understanding the radiographic features of dysostosis multiplex. Inhibition of the growth plate cartilage calcification and rickets-like lesions were observed in the metaphyses. Enhanced subperiosteal remodelling and paratrabecular fibrosis were also evident in the diaphyses. High levels of parathormone were found in one case. This finding supports the hypothesis that bone lesions may be secondary, at least in part, to damage in such viscera as the kidney and/or the liver and that they are mediated by vitamin D and parathormone.
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ous ages. Thorough histo-pathologic evaluation in two cases provided provocative clues to the interpretation of the radiographic features of dysostosis multiplex.
Case material
Twelve babies in twelve families from Australia (one), France (one), Germany (two), Italy (five) and USA (three) were studied. In two families there was consanguinity between parents and in three there were miscarriages or babies who died soon after birth.
The skeletal findings in the mucolipidoses and the mucopolysaccharidoses have been considered nonspecific and are therefore usually lumped together under the term "dysostosis multiplex" [3-5, 11, 18-20] . Mucolipidosis II, or I-cell disease, may be distinguished from other storage diseases based on the age at which radiographic abnormalities are discovered and the occurrence of specific signs [9, 14, 17] .
We have collected twelve cases of I-cell disease with the aim of evaluating the variable radiographic features of the disorder and correlating these features with available histo-pathological material. To our knowledge, no attempt has hitherto been made to conduct such a radiologic-pathologic correlation. Our analysis has confirmed the variable but highly suggestive radiographic features encountered at vari- Generalised osteopenia and coarse fibrillar texture of the bones. The metaphyses are enlarged; slant is well evident in both proximal tibiae and cupping in the distal fibulae at 5 months. A radiotransparent, transverse band appeared at 5 months in the distal femoral and proximal tibial metaphyses. Double outline of the tibial shafts resembling periosteal apposition (cloaking) and stippling of tarsal bones In eight the diagnosis was confirmed by lysosomal enzymes determinations in serum, by inclusions in cultured fibroblasts or by both tests. In four the diagnosis was based on clinical and radiographic features alone. Data on patients and families are given in Table 1 .
Radiographic features
Group I consisted of seven infants (cases I 7) in whom the diagnosis of ML II was established at birth or soon thereafter. Similar radiographic features were observed in this group. Apart from the skull bones, the skeleton was characterized by low density and an abnormal texture which gave a fibrillar or lacunar ap, pearance to the bones. Equally affected were the short and long bones, epiphyseal nuclei, metaphyses and diaphyses (Fig.l) . Bowing of the lower limbs was present in three infants (cases 1, 5, 6) and fractures of both tibias in one. The metaphyses had a cupped shape with thilure of submetaphyseal remodeling. These abnormalities were observed in the proximal humerus, distal radius and ulna, proximal tibia and the distal tibia and fibula; however, they were unevenly distributed among the various cases and within each individual case. A radiotransparent horizontal band was occasionally observed in some of the cupped metaphyses ( Fig. 1) . In all the cases in group I, the shaft of the long bones had a poorly defined contour or a contour with a double outline image, resembling periosteal apposition. The double outline (cloaking) involved either the entire shaft or was segmental. Stippling of the tarsal bones was apparent in three cases (cases 3, 5, 7), absent in three, while in one X-rays of the feet were not available. Previously unreported features were observed in two newborns (cases 1 and 2), who presented with marked shortening and increased thickness of the proximal segment of both the upper and lower limbs (Fig. 2) . However the deformity of these bones did not differ in quality from the other group I cases, namely coarse trabecular texture of the cortical bone, metaphyseal cupping and diaphyseal cloaking. Moreover, radiotransparent, transverse lines were present in the metaphyses. Coned-end metacarpals, bullet-shaped and hypoplastic distal phalanges. Cases 10 and 11. Abnormal slope of the distal ulnar metaphysis; short metacarpals with rectangular shape and coned ends. Proximal and middle phalanges are shortened and bullet-shaped; distal phalanges are severely hypoplastic. Absence of the cortex and coarse lacunar texture of the bone Deformities of the hand bones were also present with cone shaped proximal ends of the metacarpals and bullet-shaped and hypoplastic distal phalanges. These were less striking than in the older patients (Fig. 3, C7) .
Other bone deformities observed in these patients and already described in the medical literature are summarized in Table 2 .
Further assessment of the evolution of the radiographic abnormalities was not possible since five of the cases died early in life and the other two were lost to follow-up:
Five children (cases 8-12) were studied in whom bone abnormalities were first observed between the ages of eight months and twenty-two months (group II). In these cases we do not know whether bone changes had been present at birth or not. Neither generalized osteopenia nor cloaking of long bones was observed in any of these cases, though the tubular bones in both the upper and lower limbs were markedly shortened. Shaft thickness, on the other hand, was within normal limits for age. The cortices were thin and the medullary canal was enlarged.
The most obvious abnormalities were in the metaphyses: true cupping was rare but was present in both the distal fibular metaphyses of case 11 (Fig.4) . Otherwise, the metaphyses were enlarged and abnormally sloped, This finding was most frequently observed in the distal ulna. Absence of submetaphyseal remodelling was the most constant feature. Stippling of the tarsus was observed in case 9. Other features including kyphosis and hypoplasia of the upper vertebral plates at the apex of kyphosis (Fig. 5) , sclerosis of the base of the skull, varus deformity in the proximal humerus, dysplasia of the scapula and clavicle, flaring of the iliac wings with supracetabular constriction, valgus of the proximal femora and oar-shaped ribs with enlargement of the lateral and anterior part are summarized in Table 2 .
Abnormalities of hand and foot bones were constantly observed in group II. The metacarpals and metatarsals were shortened and rectangular in shape, with coned proximal ends. The proximal and middle phalanges were shortened and bulletshaped, while the distal phalanges were markedly hypoplastic. The cortex was inapparent in these bones and their texture was fibrillar or lacunar (Fig. 3, C10-C11 ). 
Pathological features
Bone specimens for histological study were obtained from the autopsy of cases 4 and 7. The same abnormalities were observed in all the tubular bones examined. The cortex consisted of lamellar bone which had undergone intense resorption, with wide lacunae filled with well vascularized connective tissue or haemopoietic marrow. In the outer part of the diaphysis, the bone was more rarefied with thin lamellae running parallel to the periosteum which consisted of several layers of fibrous tissue. Whereas subperiosteal apposition was scanty, subperiosteal bone remodeling was very active; many osteoclasts were observed and areas of osteoblastic apposition covered most o f the trabecular surfaces (Fig. 6) .
The growth plate cartilages were thick, with an abnormally high hypertrophic cell layer. Intercolumnar septa were not calcified (Fig, 7 a) and metaphyseal vascular invasion was effected by large connective buds (Fig.7b) taphyses was deeply subverted: bone was laid down in a disorderly fashion and no trabeculae with a cartilage core were observed. The bone was incompletely calcified and thick osteoid seams were present on the border of the trabeculae. These features strongly resembled those observed in rickets.
Secondary metaphyseal trabeculae had suffered intense remodeling and were surrounded by several layers of fibroblasts (Fig,8) . Both enhanced remodeling and para-trabecular fibrosis were also observed in epiphyseal nuclei and short bones (e.g. the vertebrae).
Discussion
The skeletal abnormalities o f I-cell disease dia g n o s e d in the n e o n a t e differ from those seen at a later age [8, 9, 14] . W h e n I-cell disease is d i a g n o s e d Fig.6 . Tibial diaphysis, case 7. Haematoxylin-eosin (224 x ). Enhanced subperiosteal remodeling (P = periosteum) for the first time at a later age it is not k n o w n whether or not radiographic abnormalities existed at birth. It seems unlikely they could have b e e n similar to the neonatal cases o f I-cell disease since skeletal involvement in the latter is o f such gravity that it could hardly have been missed at birth. Moreover, the neonatal condition has a very unfavorable course a n d the babies die very soon thereafter. Some radiographic features in the older age group, particularly m e t a p h y s e a l abnormalities, resembled those seen in the neonatal cases. Case 1I, for example, revealed c u p p i n g o f the distal fibular metaphyses similar to that observed in the earlier age group. The shortening o f the tubular bones a n d failure o f metaphyseal remodelling in g r o u p II pa-tients may also arise from a defective growth plate cartilage mechanism.
The differences observed between the two groups may be accounted for by two different hypotheses:
1. differing expressions of the same underlying disease, in some cases the enzyme defect becoming manifest early in fetal life resulting in more serious lesions of the viscera and bones.
differing enzymatic defects resulting in different clinical features.
It has been noted by others [2, 6, 9, 12, 15] that some of the radiographic features of dysostosis multiplex strongly resemble rickets or osteomalacia. No consequences have been drawn from this observation however, and no attempt has been made to correlate the radiographic signs with the pathological nature of the bone lesions. The histological study of the bones in cases 4 and 7 would appear to explain this observation, since the inhibition of cartilage calcification and the pathological pattern of both growth plate cartilage and metaphyseal organisation are the same as in rickets. Other radiographic signs, namely, ase 7. a VonKossaof the growth plate Lr septa are not cal-,physeal trabeculae alar, ticket-like patmilage osteopenia and diaphyseal cloaking, are due to increased remodelling of the bone; in this context cloaking is the result of intense subperiosteal resorption rather than periosteal apposition. Bowing of tubular bones and fractures are secondary to bone mass toss. These signs and the presence of paratrabecular fibrosis suggest hyperparathyroidism, which was confirmed by the high levels of parathormone in one of the autoptic cases in this series. The etiology of the hyperparathyroidism is uncertain.
Very few histological studies of the bones in I-cell disease have been carried out. Martin et al. [13] describe vacuolated fibroblasts and chondrocytes and a marked disturbance of endochondral ossification; however, in their only illustration of the growth plate, irregular vascular invasion of the cartilage and abnormalities in metaphyseal organisation are clearly evident.
In the study by Babcock et al. [1] wider and denser zones of provisional calcification were observed in the tubular bones: this is certainly an early lesion of growth plate cartilage since the study was carried out in a 19 week fetus. There is, however, no discrepancy between this observation and the pathological features of our group I cases, because even in experi- ments with such calcification inhibitors as ethane-1-hydroxy-l,l-diphosphonate (EHDP) and dichloromethylene diphosphonate (C12 MDP) a denser provisional calcification zone is observed in the earlier stages of drug administration, followed later by complete inhibition of intercolumnar septa calcification and cartilage vascular invasion [13] .
These observations give a clue to the interpretation of the radiotransparent, transverse lines in the metaphyses of group I cases. In the more severely affected newborns (cases I and 2) the organisation of the growth plate cartilage has been subverted by a very early lesion, which interfered with the growth in length of the bone. The dense mass of calcified material between the radiotransparent line and the epiphysis should represent the zone of provisional calcification. Explanation of the severe involvement of the proximal bones of the limbs, coexisting with milder lesions of the distal segments remains speculative, such alterations might be expected to occur if the following conditions are satisfied:
• early lesion of the cartilage model of the bone • factors operating discontinuously during fetal life
• enhanced susceptibility to damage of the cartilage model in some phases of development.
The fetal osseous malformations produced by maternal thalidomide ingestion during pregnancy are explainable on a similar basis. Cun'ent hypotheses about dysostosis multiplex in I-cell disease posit a primary chondrocyte and bone cell lesion similar to visceral lesions [7, 10, 13 ] but fail to provide a satisfactory explanation for the pathological rickets-like features and hyperparathyroidism observed in the bones.
It has been stated that I-cell disease is not associated with phosphorus/calcium metabolism abnormalities [9, 12] ; however, this has not been throughly investigated. Our findings, on the contrary suggest that the mechanisms of orderly calcium deposition are impaired. It is possible that, rather than resulting from a primary disorder of calcium metabolism, the bone lesions are mediated by vitamin D and parathormone abnormalities, which are secondary to damage to such viscera as the kidney or liver.
This study confirms the observation that I-cell disease presents clinically at two separate times of infancy, either in the neonatal period or after six to twelve months of age. The radiographic abnormalities found in older children are typical of dysostosis multiplex, whereas those seen in the neonatal cases reflect a more severe disturbance in bone development and growth. Analysis of the osseous histopathology in our autopsy cases provided an explanation for the radiographic abnormalities observed, particularly in the neonatal cases.
